Triazolylidenes are a prominent class of mesoionic carbenes (MICs) that are currently widely used in organometallic chemistry. Usually metal complexes of such ligands are used as homogeneous catalysts even though they have a vast potential in other branches of chemistry.
Introduction
Mesoionic carbene (MIC) ligands are currently extremely popular in organometallic chemistry.
Apart from comparisons with their "normal" N-heterocyclic carbene (NHC) ligands, other obvious reasons for their popularity are their unusual bonding situation and their strong donor properties.
[1] 1,2,3-triazol-5-ylidenes are arguably currently the most prominent class of MIC ligands. [1] [2] Reasons for this popularity are, among others, their facile and modular synthesis through the copper(I) catalyzed azide-alkyne cycloaddition reaction. [3] Thus, a variety of transition metal complexes, particularly with late transition metals, have been reported with these ligands. [2] A survey of these metal complexes shows that apart from synthesis and characterization of the metal complexes, an overwhelming majority of these work deals with the utility of the corresponding metal complexes in homogeneous catalysis. [1, 2, 4] This fact is perhaps not surprising considering the huge popularity of metal complexes of NHC ligands in homogeneous catalysis. However, MIC ligands of the triazolylidene type are potentially interesting for a host of other branches like supramolecular chemistry, photochemistry and unusual bond activation reactions. [5, 6] Thus, it was shown early on in the development of such ligands that their ruthenium(II) complexes display excellent photochemical and electrochemical properties. [6a,b] More recent studies have shown the utility of these ligands in photochemical studies with metal centers such as iron(II), iridium(III) and platinum(II). [6c-e] In some of the aforementioned cases, unprecedented lifetimes of the excited states were obtained by using MIC ligands.
In keeping with our interest in electrochemical and photochemical properties of transition metal complexes, we have recently shown that cobalt(III) complexes containing MIC ligands are potent catalysts for electrochemical dihydrogen production, displaying the lowest known over-potential till date. [7a] Furthermore, we have also shown that gold(I) complexes containing redox-active MIC ligands are capable of performing electron transfer induced catalysis [7b,7c] and that redox-rich systems can be built with palladium(II) complexes of MIC ligands [7d] . Herein we present the synthesis and complete characterization of the gold(I) complexes 1, [2]BF4 and [3](BF4)2 (Scheme 1). Apart from results from NMR spectroscopy and single crystal X-ray diffraction, the main focus of this work is on the electrochemical and photochemical properties of the three complexes. We show below the effect of one versus two MIC ligands, and one versus two gold(I) centers on the electrochemical and photochemical properties of the complexes. In doing so, we try to address the issues of redox processes on the MIC ligands versus the gold(I) centers, and provide insights into the nature of the excited states in these complexes. Even though several gold(I) complexes with triazolylidene type MIC ligands have been reported in the literature, to the best of our knowledge the electrochemical and photochemical properties of such complexes have never been investigated before. [4f, 5g, 8,10] It should be mentioned here that gold(I) complexes with NHC ligands are known to display intriguing photochemical properties. [5c,9] Below we present results from synthesis, NMR spectroscopy, single crystal X-ray diffraction, electrochemistry, emission spectroscopy and DFT calculations to address the issues mentioned above.
Results and Discussion

Synthesis and Crystal Structures
The mono and bitriazolium salts [L1]I and [L2](BF4)2 that are the precursors to the MIC ligands were synthesized according to reported synthetic routes. The chlorido complex 1, which has been reported elsewhere, [10] was synthesized through the transmetallation route by using [L1]I, Ag2O and [AuCl(SMe2) ]. 1 was re-synthesized for the present work for the investigation of its electrochemical and photochemical properties. [10] previously reported and was re-synthesized here for the investigation of its electrochemical and photochemical properties. [10] The absence of the proton signals corresponding to the C-H protons of the triazolium rings in the 1 H NMR spectra of all complexes provided a first indication for the formation of the triazolylidene complexes ( Figure S1-S3 Figure S1 -S3). These data show the downfield shift of the MIC-C on replacing a chlorido ligand with a second MIC ligand. Single crystal diffraction data on complex 1 were reported elsewhere and we will briefly discuss the bond lengths and bond angles here for comparison purposes. [10] [2]BF4 was crystallized by condensation of hexane into a dichloromethane solution at ambient temperatures, and [3](BF4)2 by slow condensation of diethylether into acetonitrile at 8 °C.
[2]BF4 crystallizes in the monoclinic P21/c and [3](BF4)2 in the triclinic P-1 space group (Table   S3 ). In (Table 1 ). The C2-C1-N3 and the C2A-C1A-N3A angles at the carbene carbon center are 101.6(7) and 102(6)° respectively. The C1-Au1-C1A angle is 178.3(3)° displaying the near perfect linear coordination at the gold(I) center. The aryl substituents are all twisted with respect to the triazolylidene rings with dihedral angles between 48 and 75° (Table S5 ). [10] A look at the molecular structure of Table   1 ). The bonding situation inside all four triazolylidene rings in the dinuclear complex is delocalized (Table S4 ). The angles at the MIC-C atoms are between 101.7(4)-102.8(4)° (Table   S4 ). The C1-Au-C1A and the C3-Au2-C3A angles are 176.1(1) and 177.7(1)° respectively showing the near linear coordination geometry at the gold centers. All the peripheral aryl substituents are twisted with respect to the triazolylidene rings to which they are connected with dihedral angles close to 70° (Table S5 ). The two triazolylidene rings within both the ditriazolylidene ligand are also twisted with respect to each other with dihedral angles of 44.9 (3) and 47.7(2)°. This twisting is possibly necessary to avoid steric hindrance between the adjacent methyl groups attached to the nitrogen atoms of the two connected triazolylidene rings. The intramolecular Au1-Au2 distance in [3](BF4)2 is 2.996(8) Å and is clearly shorter than the sum of the van der Waals radius of the two gold centers. [11] While it is tempting to take this short Au-Au distance as a sign of aurophilic interactions, it should be mentioned that the 1 , 1 , -bridging mode of the two di-MIC ligands actually forces the gold centers to approach each other. forms of gold and copper complexes with cyclic alkyl amino carbenes (CAAC). [12] In those cases, the reduced forms were formulated as gold(0) or copper(0) centers bound to neutral CAAC ligand which is a result of the gold(I) or copper(I) centers in those complexes getting reduced as opposed to the carbene ligands.
UV-vis Spectroscopy, TD-DFT Calculations and Emission Properties
All three complexes display relatively similar features in their UV-vis spectra. The main, broad absorption bands are centered around 240-300 nm, whilst complex [3](BF4)2 also exhibits a shoulder tailing to 340 nm ( Figure 7 ). In aerated dichloromethane all of the complexes show an intense emission band with ca.
500-nm maximum (Figure 9 ), for which excitation spectra coincide with the absorption spectra (See figure S8, SI) . The intensity of the 500 nm emission is enhanced greatly upon deoxygenating of the solutions. The emission at 500 nm has the lifetime of several microseconds (Table 3) in aerated solution, which is further increased upon removal of oxygen.
We therefore assign the 500 nm band to phosphorescence, occurring from a lowest triplet state.
Complexes 1 and [2](BF4)2 also exhibited very weak emission at 320 nm and 350 nm, respectively which was unaffected by the presence of oxygen in solution, and is therefore assigned as fluorescence (it must be noted that the intensity of the emission was too low to reliably record excitation spectra). Che et al. have reported similar complexes with two emission bands centred at ca. 450 nm and ca. 625 nm assigned to prompt fluorescence and phosphorescence respectively, in these complexes only the phosphorescence band exhibited sensitivity towards the presence of oxygen.
[9j]
Main contributing excitation (%) Figure 9 . Emission spectra of complexes in DCM with 270 nm excitation wavelength, emission spectra were recorded at 270 -450 nm with no filter and 450 -800 nm using a filter with transmission >370 nm (Blue: deoxygenated, black: oxygenated). [12]
The complexes display strong absorption bands around 260-270 nm which can be assigned with the help of TD-DFT calculations to a mixture of intraligand -* transition and MLCT transition. The photophysical properties of the compounds indicate presence of two excited states, a singlet state from which weak fluorescence emanates; and a triplet state which is characterized by relatively intense and long-lived phosphorescence. We have shown here that the MIC ligands of triazolylidene type are valuable components for photo and electro active molecules. Thus, apart from a wide range of use that metal complexes of these ligands already find in homogeneous catalysis, they are likely to find wide usage in the future as photosensitizes and imaging agents.
Experimental Section General Procedures, Materials and Instrumentation
AuCl(SMe2), [13] [L1]I/BF4, [14] [L2](BF4)2 [2g,15] and 1 [10] were prepared as described previously in the literature. Commercially available chemicals were used as purchased, unless otherwise 
Single Crystal X-Ray Diffraction
X-Ray data were collected on a Bruker Smart AXS or Bruker D8 Venture system. Data were collected at 140(2) K using graphite-monochromated Mo K radiation ( = 0.71069 Å).
The strategy for the data collection was evaluated by using the Smart software. The data were collected by the standard 'ω scan techniques' and were scaled and reduced using Saint+ and SADABS software. The structures were solved by direct methods using SHELXS-97 or SHELXS_2014/7 and refined by full matrix least-squares, refining on F 2 . Non-hydrogen atoms were refined anisotropically. [16] If it is noted, bond length and angles were measured with Diamond Crystal and Molecular Structure Visualization Version 3.1. CCDC 1015503 and 1015502 contain the cif files for this work.
Electrochemistry
Cyclic voltammograms were recorded with a PAR VersaStat 4 potentiostat (Ametek) with a conventional three-electrode configuration consisting of a carbon working electrode, a platinum auxiliary electrode and an Ag/AgCl reference electrode. The scan rate for each measurement is 100mV/s. The experiments were carried out in absolute THF containing 0.1 M Bu4NPF6 (dried, Fluka, ≥99.0 %, electrochemical grade) as the supporting electrolyte and at room temperature, unless otherwise noted.
UV-vis and Emission Spectroscopy
UV-vis spectra were recorded with an Avantes spectrometer consisting of a light source (AvaLight-DH-S-Bal), and UV-vis detector (AvaSpec-ULS2048), and a NIR detector (AvaSpec-NIR256-TEC). The UV/Vis absorption spectra were recorded on a Varian Cary 50
bio UV/Visible spectrophotometer in dichloromethane (DCM) solvent. Excitation and emission spectra were recorded in DCM on a FluoroMax®-4 spectrofluorimeter. Since emission spectra were obtained under 270 nm excitation, to record the spectra between 450 nm and 800 nm a filter with transmission >370 nm was used. Solutions were degassed using freeze pump thaw technique.
Lifetimes were recorded in both aerated and degassed solutions using an Edinburgh instruments mini-fluorescence lifetime spectrometer. Excitation was with a 270 nm ( ±10 nm)
EPLED-270 with a 750 ps pulse width.
DFT Calculations
DFT calculations were done with the ORCA 3.0.0 program [17] package using the BP86 and B3LYP functional for the geometry optimization and single-point calculations respectively. [18] All calculations were run with empirical Van der Waals correction (D3). [19] Convergence criteria were set to default for the geometry-optimizations (OPT) and tight for SCF calculations (TIGHTSCF). Relativistic effects were included with the zeroth-order relativistic approximation (ZORA) [20] . Triple--valence basis sets (def2-TZVP) [21] were employed for all atoms. Calculations were performed using the resolution of the identity approximation [22] with matching auxiliary basis sets. Low-lying excitation energies were calculated with timedependent DFT (TD-DFT). Solvent effects were taken into account with the conductor-like screening model (COSMO).
[23] Spin densities were calculated according to the Löwdin population analysis. [24] Molecular orbitals and spin densities were visualized with the Molekel 5.4.0.8 program. [25] Preparation 134.7, 130.9, 129.9, 129.7, 129.6, 126 .6 (all Aryl-C), 38.7 (N-CH3), 21.6, 17.6 (all Alkyl-C). acetonitrile and AuCl(SMe2) (0.95 equiv., 111.7 mg, 0.38 mmol) was added. After stirring the mixture for another 24 h at room temperature under exclusion of light, the reaction mixture was filtered over Celite, washed with acetonitrile and the solvent was evaporated. The residue was passed through a short pad of dry neutral aluminium oxide, eluted with dry acetonitrile and the solvent was evaporated. Addition of dichloromethane gives a white solid which was filtered and washed with pentane. Some of the product is still soluble in dichloromethane. For this the filtrate was reduced to 3 mL and precipitated with pentane, which gave a small but second amount of the product as a white solid. 
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